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The effects of leaf extracts of 14 different non-host plant
species on in vitro conidial germination of Phaeoisariop-
sis personata, the causal organism of late leaf spot (LLS)
of groundnut were evaluated. Aqueous and ethanol leaf
extracts of Datura metel, Lawsonia inermis and aqueous
leaf extracts of Sphaeranthus indicus at 25%(w/v) con-
centration completely inhibited the conidial germina-
tion of P. personata both at 24h and 48h after incubation.
Aqueous leaf extracts of Blumea bifoliata, Eucalyptus
globules, Ocimum sanctum
 and Pongamia pinnata, and
ethanol leaf extracts of Azadirachta indica and S. indicus
inhibited the conidial germination by >90%. Aqueous
and ethanol leaf extracts of L. inermis and S. indicus
wrer highly inhibitory to conidial germination up to 1%
concentration. Aqueous and ethanol leaf extracts of D.
metel
 and ethanol leaf extract of A. indica were highly
inhibitory to P. personata even at 0.01% (100 ppm) con-
centration. Ethanol leaf extract of A. indica up to 80oC,
aqueous leaf extracts of D. metel and S. indicus up to
100oC, and L. inermis up to 60oC, were highly stable and
retained their fungitoxic effects. Extract of D. metel was
antifungal even after 180 days when it was stored both
at room temperature and 4oC. Aqueous leaf extract of
D. metel
 at 2% concentration effectively reduced the
development of LLS by >60%, under greenhouse con-
ditions both in prophylactic and simultaneous applica-
tions. Extracts of D. metel could be a potential
economical and an eco-frendly alternative for control of
late leaf spot, and its efficacy under field conditions is
further being evaluated.
Keywords : antifungal activity, Arachis hypogaea, Datura
metel, late leaf spot, Phaeoisariopsis personata.
Groundnut is an important legume crop in tropical and sub-
tropical countries of the world and is used as a food, oil and
cash source. Late leaf spot (LLS) caused by Phaeoisari-
opsis personata (Berk. & Curt.) v. Arx [= Cercosporidium
personatum (Berk. & Curt.) Deighton] is an economically
important foliar disease of groundnut wherever the crop is
grown. LLS causes severe defoliation and reduces both
haulm and pod yields by more than 50% (McDonald et al.,
1985). The disease can be effectively managed by a com-
bination of fungicides and host plant resistance (Pande et
al., 2001). Increasing concerns about environmental haz-
ards caused by excessive usage of fungicides, development
of fungicide-tolerant pathogen stains, non-availability of
both fungicides and their application technology to resource-
poor farmers, necessitates the development of more eco-
nomical and eco-friendly alternative components of disease
management.
Plants produce several secondary metabolite compounds
including alkanoids, cyanogenic glycosides, glucosinolates,
flavanoids, saponins, steroids and terpenoids to protect
themselves from the continuous attack of naturally occur-
ring pathogens, insect pests and environmental stresses
(Ebel, 1986). These compounds with antimicrobial activity
may be specific against a particular pathogen or may have a
broad spectrum and can be used for control of fungal dis-
ease in crop plants. The activity of these compounds also
depends on the method and solvent used for extraction, its
concentration and structure. With advances in analytical
instrumentation, bioassay techniques and recombinant
DNA technology, the scope of using these antimicrobial
compounds for disease control was further enhanced. The
use of plant extracts with antifungal activity offers an eco-
nomical, safe and easily available alternative method for the
management of LLS in groundnuts. In the recent past, sev-
eral plant species have been screened for antifungal activity
and extracts/purified compounds from these plants were
found to have a broad spectrum of antimicrobial activity
(Grayer and Harborne, 1994) and control pre-harvest (Tew-
ari, 1995) and post-harvest diseases of several plant species
(Mishra and Dubey, 1994). These reports drew our atten-
tion to develop plant-based products for control of LLS
which may be beneficial to resource-poor groundnut
farmers.
In our quest to identify eco-friendly and economical com-
ponents and to use them in the integrated management of
LLS, we initiated investigations with leaf extracts of 14
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non-host plant species of P. personata. The main purpose of
this study was to evaluate leaf extracts of the selected 14
non-host plant species for their in vitro antifungal activity
against P. personata and to evaluate the potent extracts for
the disease control in a greenhouse. Thermal stability and
longevity of promising extracts were also determined.
Materials and Methods
Plant extracts.
 Aqueous and ethanol leaf extracts of 14 different
non-host plants species of P. personata, Azadirachta indica A.
Jurs, Blumea bifoliata DC., Calotropis procera Ait. R. Br., Dature
metel
 L., Eucalyptus globules Labill, Lantana camara L., Law-
sonia inermis
 L., Ocimum sanctum L., Parthenium hysterophorus
L., Pongamia pinnata L., Sphaeranthus indicus L., Tridax proc-
umbens
 L., Vernonia albicans DC. and Vitex negundo L., were
evaluated for their antifunagl activity against P. personata.
Preparation of leaf extracts.
 Young leaves from healthy plants
of each plant species were collected, washed thoroughly under
running tap water followed by sterile distilled water (SDW).
Aqueous leaf extracts (ALE) were prepared by homogenizing
25 g of leaves in 100 ml of SDW using a warning blender. The
homogenized solutions were filtered twice through a cheese cloth
and centrifuged at 5,000 rpm for 10 min at 4oC. The supernatant
collected was treated as 25%(w/v) ALE. Ethanol leaf extracts
(ELE) were prepared by homogenizing 25 g of leaves in 100 ml
of 95% ethanol, homogenized solution was filtered twice through
a cheese cloth and centrifuged at 5,000 rpm for 10 min at 4oC. The
supernatant was subjected to vacuum evaporation at 50 and the
residue was dissolved in 100 ml of 5% ethanol to obtain 25%(w/
v) ELEs. Further dilutions of ALEs and ELEs were made as per
requirement with SDW and 5% ethanol respectively.
Fungal strain.
 Conidia of P. personata were collected from
infected leaves from an experimental field at International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru and pure culture was maintained in laboratory on
detached leaves of susceptible groundnut variety TMV2 (Wadia
and Butler, 1994).
Preparation of P. personata inoculum. Fresh conidia of P. per-
sonata
 harvested with a cyclone spore collector (Gast Manufac-
turing Corporation, USA) were equally suspended in SDW
containing a few drops (0.01%) of Tween 20 (polyoxyeythlene
sorbitan minolaurate). The concentration of conidia was measured
and adjusted with SDW by observing them under light micro-
scope using a haemocytometer. Conidial suspension containing
50,000 conidia/ml for in vitro antifungal assay and 20,000
conidia/ml for greenhouse experiments were used.
In vitro antifungal assay. To assay the antifungal activity of the
leaf extracts, 50 µl of each conidial suspension and leaf extracts
were mixed well on a cavity slide. Each well of the cavity slide
was considered as one replication and three replications were
maintained throughout the experiments. Conidial suspension
mixed with an equal volume of SDW and 5% ethanol served as
controls for aqueous and ethanol leaf extracts, respectively. All
slides were kept in humid chambers prepared by lining 90 mm
diameter petri dishes with wet blotting paper, and incubated in
dark at 24 ± 1oC. The slides were directly observed under light
microscope for conidial germination at 24 h and 48 h after incu-
bation. Immediately after incubation, a drop of lactophenol-cotton
blue was added to each well to prevent further germination of the
conidia. Two hundred conidia were observed in each replication
and the number of germinated conidia was counted. Percentage
inhibition of conidial germination in each treatment was calcu-
lated from the formula, percentage inhibition = {(number of
conidia germinated in control − number of conidia germinated in
treatment)/number of conidia germinated in control} × 100.
Thermal stability of leaf extracts.
 ALEs of D. metel, L. inermis
and S. indicus, and ELE of A. indica, at 2% concentration were
highly antagonistic against condial germination of P. personata
and were evaluated further for their thermal stability and longev-
ity. Though the ELEs of D. metel, L. inermis and S. indicus were
also highly antagonistic to P. personata at the same concentration,
thermal stability and longevity of these extracts were not evalu-
ated, since use of ALEs rather than ELEs will be more convenient
for use at farmer’s field. To determine the thermal stability, 1 ml
aliquots of 2% leaf extracts were exposed to various temperatures
for 30 min by incubation them in a water bath at temperatures
ranging from 30 to 100oC with an increment of 10oC and the heat
treated extracts were evaluated for fungitoxicity against P. per-
sonata. 
Longevity of leaf extracts.
 Longevity of ALEs of D. metel, L.
inermis
 and S. indicus, and ELE of A. indica, both at room tem-
perature and 4oC was determined. To determine the longevity of
these extracts, 1 ml aliquots of 2% extracts were stored in glass
vials, one set at room temperature and another at 4oC. Three vials
of each extract were taken out periodically at different time inter-
vals up to 180 days and evaluated for inhibition of conidial ger-
mination. Each vial was considered as one replication.
Control of LLS under greenhouse environment.
 Susceptible
groundnut variety TMV2 was used for greenhouse studies.
Thirty-day-old seedlings grown in 15 cm diameter plastic pots
filled with a mixture of red soil (alfisols), sand and farm yard
manure in 3 : 1 : 1 ratio under greenhouse environment were used
for artificial inoculation. Five seeds were planted in each pot and
thinned to four before inoculation. ALE of D. metel and L. iner-
mis, and ELE of A. indica at 2% (w/v) concentration were tesed
for control of LLS by applying them as a foliar spray on to the
plants in two different treatments, 24h before the pathogen inoc-
ulation and simultaneously along with the pathogeh. Control pots
were maintained for both the treatments by spraying the plants
with SDW. The plants were evenly sprayed with conidial sus-
pension using a hand sprayer. Immediately after inoculation, the
plants were shifted to a dew chamber (Clifford, 1973) to maintain
leaf wetness during nights. The plants were removed from the
dew chamber on the morning of the following day and returned to
greenhouse to provide dry period. This alternate wet (16h) and dry
(8h) period treatments were repeated up to 10 days after inocu-
lation (DAI) (Butler et al., 1994), and then the pots were left in the
greenhouse untill end of the experiment. Temperature of 24 ± 2oC
was maintained both in greenhouse and in dew chamber during
the entire period of experimentation. Though the leaf extract of S.
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indicus was highly antagonistic against P. personata conidaial
germination, it was not tested under greenhouse conditions since
it was not available at the time of experimentation. Five pots were
considered as one replication and triplicates were maintained for
each treatment and the experiment was repeated once.
Disease scoring. Severity of LLS was measured as a) lesion fre-
quency (number of lesions/cm2 leaf area) at 15 DAI and b) disease
severity score on 1-9 rating scale (1 = no disease, and 9 => 80%
disease) at 20 and 30 DAI. In each plant, third and fourth quadri-
foliate leaves from the top were tagged before pathogen inocu-
lation and these leaves were used to measure the lesion frequency.
Statistical analysis. All the experiments were conducted in trip-
licates and repeated twice. The experiments were conducted in a
randomized complete block design and the data were subjected to
analysis of variance (ANOVA) and the mean values in each treat-
ment were compared using least significant differences at 1%
level of significance (P = 0.01)
Results and Discussion
In vitro
 antifungal activity of leaf extracts. Among the
ALEs tested, except P. hysterophorus and T. procumbens,
all the ELEs tested at 25% concentration significantly
inhibited P. personata conidial germination both at 24 h and
48 h after incubation (Table 1). All the plant species
selected for this study were earlier reported to have anti-
fungal activity against one or more phytopathogenic fungi
and in the present study they were observed to be antifungal
even to P. personata. ALEs of D. metel, L. inermis and S.
indicus, and ELEs of D. metel and L. inermis at 25% con-
centration completely inhibited conidial germination of P.
personata. At the same concentration, ALEs of B. bifoliata,
E. globules, O. sanctum and P. pinnata, and ELEs of A.
indica and S. indicus inhibited P. personata conidial ger-
mination by >90% up to 24 h after incubation (Table 1).
To identify plant species with potent antifungal activity
against P. personata, leaf extracts which are inhibitory to P.
personata conidial germination by >90% at 25% concen-
tration were further evaluated at lower concentrations up to
0.01%. ALEs of B. bifoliata, E. globules, O. sanctum and P.
pinnata lost most of their antifungal activity at 2% and
lower concentrations, and hence were not used in further
experiments. ALEs of L. inermis and S. indicus up to 1%
concentration, and D. metel up to 0.01% concentration were
highly effective against P. personata (Table 2). Among
ELEs, L. inermis and S. indicus up to 1%, A. indica and D.
metel up to 0.01% concentration were highly antagonistic
against P. personata conidial germination (Table 3). The
antifungal activity of these extracts may be attributed to the
presence of active principles such as alkaloids, steroids, ter-
penes, tannins and phenols, The antimicrobial activity of
the four plant species, A. indica, D. metel, L. inermis and S.
indicus was well known. ELEs of A. indica at a concen-
tration of 1000 µg/ml was highly inhibitory to the growth of
Alternaria brassicola, Colletotrichum capsici, Fusarium
Table 1. Percentage inhibition of Phaeoisariopsis personata
conidial germination in vitro by 25%(w/v) leaf extracts of
fourteen non-host plant species. Conidia of P. personata were
taken on to a cavity slide and incubated in presence of leaf






24ha 48h 24h 48h
Azadirachta indica 88.2* 76.1* 97.5* 87.5*
Blume bifoliata 96.2* 93.9* 86.4 * 87.0*
Calotropis procrera 83.4* 81.7* 55.3 * 29.4 *
Datura metel 100.0*c 100.0* 100.0 * 100.0 *
Eucalyptus globules 91.5* 84.0* 88.2 * 86.5 *
Lantana camara 87.5* 80.7* 69.4 * 64.8 *
Lawsonia inermis 100.0* 100.0* 100.0 * 100.0 *
Ocimum sanctum 92.5* 73.9* 74.8 * 68.7 *
Parthenium hysterophorus 22.4* 5.8 88.4 * 86.5 *
Pongamia pinnata 90.6* 86.8* 72.6 * 54.1 *
Sphaeranthus indicus 100.0* 100.0 * 91.4 * 75.9 *
Tridax procumbens 9.9 5.1 * 41.8 * 43.7 *
Vernonia albicans 75.5 * 65.5 * 80.7 * 69.6 *
Vitex negundo 86.1 * 82.7 * 61.0 * 49.1 *
Control 0.0 0.0 0.0 0.0
LSD ( p=0.01) 10.4 6.2 20.1 22.8
a  Conidia were observed of germination at 24 h and 48 h after incuba-
tion.
* Mean values are significantly higher than control at P=0.01. All the
mean values presented are the mean of three replications in two sets
of experiments
Table 2. Percentage inhibition of Phaeoisariopsis personata
conidial germination in vitro by aqueous leaf extracts of selected
non-host plant species. Conidia of P. personata were taken on to a
cavity slide, incubated in presence of leaf extracts at 24±1oC for
24h and then observed for germination under a light microscope
Plant species
Concentration (w/v) of 
aqueous leaf extracts
10% 5% 2% 1% 0.1% 0.01%
Blume bifoliata 69.7* 37.8* 9.3* 2.2  0.0  0.0
Datura metel 100.0* 100.0*  99.2* 98.9* 97.6* 93.9*
Eucalyptus globules 63.2* 44.4*  31.8* 14.3*  0.0  0.0
Lawsonia inermis 98.9* 97.8*  92.6* 83.4* 19.8*  0.0
Ocimum sanctum 74.9* 31.8*  18.9* 9.8*  0.0  0.0
Pongamia pinnata 68.9* 39.8* 8.9*  0.0  0.0  0.0
Sphaeranthus indicus 98.9* 97.7*  92.8* 84.9* 46.8* 18.9*
Control 0.0* 0.0* * 0.0 0.0* 0.0* 0.0*
LSD (p= 0.01) 5.2 26.8 5.7 4.0 3.1 1.8
* Mean values are significantly higher than control at P=0.01. All the
mean values are the mean of three replications in two sets of experi-
ments.
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oxysporum, Rhizoctonia solani
 and Sclerotinia sclerotio-
rum
 (Shivpuri et al., 1997). Two limnoids and polar extract
derived through solvent partitioning from A. indica were
inhibitory to Puccinia arachidis, causal agent of rust in
groundnut and reduced the pustule numbers and disease
severity (Suresh et al., 1997). Datura metel completely
inhibited in vitro conidial germination of C. capsici
(Gomathi and Kannabiran, 2000). Kurucheve et al. (1997)
reported that extracts of L. inermis were inhibitory to R.
solani
 and Bambawale et al. (1995) reported that ethanol
extracts of L. inermis were effective in control of the cotton
pathogens Alternaria macrospora, Myrothecium roridum
and Xanthomonas compestris in in vitro tests (Bambawale
et al., 1995). Essential oil (Garg and Kasera, 1983) and
alcoholic extracts of S. indicus flowers (Shaikh et al., 1986)
were observed to be antibacterial. ALE of D. metel and
ELEs of A. indica and D. metel offers a great hope for their
use in control of LLS, since they are highly effective
against P. personata even at 0.01% concentration.
Thermal stability of leaf extracts.
 The high antifungal
activity of extracts of A. indicia, D. metel, L. inermis and S.
indicus
 even at lower concentrations (Tables 2 and 3)
prompted us to examine the thermal stability and longevity
of these extracts. ALEs of D. metel and S. indicus were sta-
ble and retained their antifungal activity against P. perso-
nata
 up to 100oC. ALE of L. inermis up to 60oC, ELE of A.
indica
 up to 80oC were highly stable and the antifungal
activity of these extracts decreased with further increase in
temperature (Fig. 1). This could be due to the denaturation
of the active principle present in A. indica and L. inermis
extracts at higher temperatures. This is in contrast to the
earlier reports that the fungitoxicity of L. inermis bark
extracts against ring worm fungi was unaltered even after
autoclaving and storage for longer periods (Singh and Pan-
dey, 1989).
Table 3.
 Percentage inhibition of Phaeoisariopsis personata
conidial germination in vitro by aqueous leaf extracts of selected
non-host plant species. Conidia of P. personata were taken on to a
cavity slide, incubated in presence of leaf extracts at 24±1oC for
24h and then observed for germination under a light microscope
Plant species
Concentration (w/v) of ethanol leaf extracts
10% 5% 2% 1% 0.1% 0.01%
Azadirachta indica 100.0* 98.9* a 99.5* 97.0* 84.5* 68.6*
Datura metel 100.0* 100.0* a 100.0* 99.4* 99.5* 98.4*
Lawsonia inermis 100.0* 99.2*a 86.8* 68.4* 19.8*  0.0
Sphaeranthus indicus 86.8* 72.8*a 32.3* 49.2*  0.0  0.0
Control  0.0  0.0  0.0  0.0  0.0  0.0
LSD ( p=0.01)  3.9  3.5  3.4 14.7  4.0  3.9
* Mean values are significantly higher than control at P=0.01. All the
mean values are the mean of three replications in two sets of experi-
ments.
Fig. 1. Thermal stability of 2% ethanol leaf extract of Azadirachta
indica and aqueous leaf extracts of Datura metel, Lawsonia
inermis and Sphaeranthus indicus. The leaf extracts were
subjected to temperatures from 30-100oC for 30 min and then
were tested for their inhibitory activity on in vitro conidial
germination of Phaeoisariopsis personata. All the mean values
presented are the mean of three replications in two sets of
experiments.
Fig. 2. Longevity of ethanol leaf extracts of Azadirachta indica,
and aqueous leaf extracts of Datura metel, Lawsonia inermis and
Sphaeranthus indicus. Aliquots of leaf extract were stored at room
temperature (28oC) and were evaluated for their inhibitory activity
on in vitro conidial germination of Phaeoisariopsis personata at
different time intervals. All the mean values presented are the
mean of three replications in two sets of experiments.
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Longevity of leaf extracts.
 When stored at room temper-
ature, ALE of D. metel up to 180 days, L. inermis and S.
indicus
 up to 60 days, and ELE of A. indica up to 90 days
retained their high antifungal activity (Fig. 2). When stored
at 4oC, ALE of D. metel up to 180 days, L. inermis and S.
indicus
 up to 90 days, and ELE of A. indica up to 150 days
retained their antifungal activity to higher significant levels
(Fig. 3).
Control of LLS under greenhouse environment.
 ALE of
D. metel
 and L. inermis and ELE of A. indica were effective
in reducing the severity of LLS under greenhouse condi-
tions when applied as a foliar spray at the same time as
pathogen inoculation. ALE of D. metel was effective in
controlling LLS both at simultaneous and 24 h before
pathogen inoculation. Reduction in disease severity was
>60% when compared with control in both the components
measured − lesion frequency and disease severity score on
1-9 rating scale (Fig. 4 and 5). Disease protection offered by
D. metel
 extract was comparable with the commercial fun-
gicide Bavistin. Earlier, a few attempts have been made by
various research groups to control LLS by using extracts
from different plant species. ALEs of A. indica and L. iner-
mis
 were found to be effective in controlling both LLS and
rust diseases of groundnut, and increase the pod yield by
15-40% under field conditions (Ghewande, 1989). Foliar
spray of seed kernel extract of A. indica alone (Usman et
al., 1991), and along with potash significantly reduced the
incidence of LLS (Chandrasekar et al., 1994). A small
reduction of LLS was obtained by foliar spray of 4% aque-
ous leaf extract of A. indica (Adiver et al., 1995). Neem oil
from A. indica and leaf extract from Nerium odourm
reduced the incidence of LLS (Ganapathy and Narayana-
samy, 1990). Foliar spray of 5% leaf extracts of C. procera
at 70 days after sowing proved to be highly significant in
reducing the incidence of both early and late spot diseases
and increase the yield of groundnut (Srinivas et al., 1997).
Though, the reductions in disease severity and increase in
yield obtained in these experiments were significantly
higher when compared with unsprayed controls, they were
far less than that obtained with the use of chemical fungi-
cides.
Extract of D. metel was effective in controlling LLS both
in prophylactic and simultaneous applications and the dis-
ease protection obtained was greater when compared with
A. indica
 and L. inermis extracts with were earlier reported
to have disease control under field conditions. Extract of D.
metel
 reduced the severity of LLS up to 65% in both the
measured components, lesion frequency and disease rating
on 1-9 scale. Hence, it can be further evaluated under field
conditions for control of LLS to minimize the usage of fun-
gicides. In a similar study, prophylactic spray of crude
Fig. 3.
 Longevity of ethanol leaf extracts of Azadirachta indica,
and aqueous leaf extracts of Datura metel, Lawsonia inermis and
Sphaeranthus indicus. Aliquots of leaf extract were stored at 4oC
and were evaluated for their inhibitory activity on in vitro conidial
germination of Phaeoisariopsis personata at different time
intervals. All the mean values presented are the mean of three
replications in two sets of experiments.
Fig. 4.
 Effect of ethanol leaf extract of Azadirachta indica, and
aqueous leaf extracts of Datura metel and Lawsonia inermis on
development of late leaf spot under greenhouse conditions. Leaf
extracts of 2% concentrations were used as a foliar spray on to the
groundnut plants at 24 h and 0 h before pathgen inoculation and
the lesion frequency (number of lesions/cm2 leaf area) was
measured at 15 days after pathogen inoculation. All the mean
values presented are the mean of three replications in two sets of
experiments.
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extract of bulbs of Allium sativum controlled ergot of sor-
ghum by 98-100% under greenhouse conditions (Singh and
Navi, 2000). The disease control obtained by prophylactic
application of D. metel extract could be due to the stable
persistence of its antifungal compound(s) present in it, on
groundnut leaf surface. Also there is a possibility that
extract of D. metel contain a signal molecule which activate
a series of defense mechanisms − induction of phytoalexins
and other antimicorbial compounds, or induction of sys-
temic resistance in groundnut before pathogen infection
takes place. Earlier, it was reported that extracts from Rey-
noutria sachalenensis
 reduced the incidence of powdery
mildew in cucumber and induced the synthesis of phenolic
compounds p-coumaric, caffeic and ferulic acids and p-
coumaric acid methyl ester (Daayf et al., 2000). Reynoutria
sachalenensis
 also increased the activities of chitinase, β-
1,3-glucanase, peroxidase, polyphenol oxidase and phenyl
alanine ammonia lyase in tobacco and cucumber leaves
(Schneider and Ullrich, 1994).
In the present study, leaf extract of D. metel was found to
have potent antagonistic activity against conidial germina-
tion of P. personata even at minute concentrations (100
ppm) and was stable at higher temperatures and for longer
periods at room temperature. All these properties, coupled
with its high efficacy to control LLS under greenhouse con-
ditions suggests that it may be a reliable alternative for use
of chemical fungicides. Under field conditions, the disease
pressure and environmental conditions conducive for
pathogen multiplication also determines the efficacy of D.
metel
 extracts. The toxicity of groundnut haulm sprayed
with D. metel extract when it is fed to animals is to be deter-
mined. However, the use of D. metel extract offers an eco-
nomical and easily available alternative approach to
fungicide usage for control of LLS. Further investigations
on evaluation of D. metel extract for control of LLS under
field conditions are under progress.
References
Adiver, S. S., Giriraj, K. and Anahosur, K. H. 1995. Neem leaf
extracts versus fungicides for control of foliar diseases of
groundnut (Arachis hypogaea L.). Kanataka J. Agric. Sci.
8:69-73.
Bambawale, O. M., Mohan, P. and Chakraborty, M. 1995. Effi-
cacy of some medicinal plants against cotton pathogens. Adv.
Plant Sci.
 8:224-229.
Butler, D. R., Wadia, K. D. R. and Jadhav, D. R. 1994. Effect of
leaf wetness and temperature on late leaf-spot infection of
groundnut. Plant Pathol. 43:112-120.
Chandrasekar, V., Narayanaswami, R. and Ramabadran, R. 1994.
Effect of foliar spray of potash and neem seed extract on th
Tikka leaf spot of groundnut. Indian Phytopathol. 47:188-189.
Clifford, B. C. 1973. The construction and operation of a dew
simulation chamber. New Phytologist 77:619-623.
Daayf, F., Ongena, M., Boulanger, R., El-Hadrami, I. and Belanger,
R. R. 2000. Induction of phenolic compounds in two cultivars
of cucumber by treatment of healthy and powdery mildew
infected plants with extracts of Reynoutria sachalenensis. J.
Chem. Ecol.
 26:1579-1593.
Ebel, J. 1986. Phytoalexin synthesis: The biochemical analysis of
the induction process. Ann. Rev. Phytopathol. 24:235-264.
Ganapathy, T. and Narayanasamy, P. 1990. Effect of plant prod-
ucts on the incidence of major disease of groundnut. Int. Ara-
chis Newslett.
 7:20-21.
Garg, S. C. and Kasera, H. L. 1983. In vitro antibacterial activity
of the essential oil of Sphaeranthus indicus L. Fitoteraopia
54:37-38.
Ghewande, M. P. 1989. Management of foliar diseases of ground-
nut (Arachis hypogaea) using plant extracts. Indian J. Agric.
Sci.
 59:133-134.
Gomathi, V. and Kannabiran, B. 2000. Inhibitory effects of leaf
extracts of some plants on the anthracnose fungi infecting
Capsicum annum. Indian Phytopathol.
 53:305-308.
Grayer, R. J. and Harborne, J. B. 1994. A survey of antifungal
compounds from higher plants, 1982-1993. Phytochemistry
37:19-42.
Kurucheve, V., Ezhilan, J. G. and Jayaraj, J. 1997. Screening of
higher plants for fungitoxicity against Rhizoctonia solani in
vitro. Indian Phytopathol.
 50:235-241.
McDonald, D., Subrahmanam, P., Gibbons, R. W. and Smith, D.
Fig. 5.
 Effect of ethanol leaf extract of Azadirachta indica, and
aqueous leaf extracts of Datura metel and Lawsonia inermis on
development of late leaf spot under greenhouse conditions. Leaf
extracts of 2% concentrations were used as a foliar spray on to the
groundnut plants at 24 h and 0 h before pathgen inoculation and
the disease severity score on 1-9 rating scale was measured at 30
days after pathogen inoculation. All the mean values presented are
the mean of three replications in two sets of experiments.
270 G. K. Kishore et al.
H. 1985. Early and late leaf spots groundnut. Patancheru,
India: ICRISAT Information Bulletin, No. 21.
Mishra, A. K. and Dubey, N. K. 1994. Evaluation of some essen-
tial oils for their toxicity against fungi causing deterioration of
stored food commodities. Appl. Environ. Microbiol. 60:1101-
1105.
Pande, S., Narayana R. J., Upadhyaya, H. D. and Lenné, J. M.
2001. Farmers participatory integrated management of foliar
diseases of groundnut. Int. J. Pest Manage. 47:121-126.
Schneider, S. and Ullrich, W. R. 1994. Different induction of
resistance and enhanced enzyme activities in cucumber and
tobacco caused by treatment with various abiotic and biotic
inducers. Physiol. Mol. Plant Pathol. 45:291-304.
Shaikh, D., Nagvi, B. S. and Shaikh, R. 1986. The antibacterial
principles of Sphaeranthus indicus isolation, purification and
anti-bacterial action. Pakistan J. Sci. Ind. Res. 29:366-371.
Shivpuri, A., Sharma, O. P. and Jhamaria, S. L. 1997. Fungitoxic
properties of plant extracts against pathogenic fungi. J. Mycol.
Plant Pathol. 27:29-31.
Singh, S. D. and Navi, S. S. 2000. Garlic as a biocontrol agent for
sorghum ergot. J. Mycol. Plant Pathol. 30:350-354.
Singh, V. K. and Pandey, D. K. 1989. Fungitoxic studies on bark
extract of Lawsonia inermis against ringworm fungi. Hin-
dustan Antibiotics Bulletin 32:32-35.
Srinivas, T., Rao, M. S., Reddy, P. S. and Reddy P. N. 1997. Inte-
grated management of leaf spot of groundnut (Arachis
hypogaea L.) with botanicals and chemicals. Zeitschrift fur
Pflanzenkrankheiten una Pflanzenschutz. 104:528-530.
Suresh, G., Narasimhah, N. S., Masilamani, S., Partho, P. D. and
Gopalakrishnan, G. 1997. Antifungal fractions and com-
pounds from uncrushed green leaves of Azadirachta indica.
Phytoparasitica 25:33-39.
Tewari, S. N. 1995. Ocimum sanctum L., a botanical fungicide for
rice blast control. Trop. Sci. 35:263-273.
Usman, M., Jaganathan, R. and Dinakaran, D. 1991. Plant disease
management on groundnut with naturally occurring plant
products. Madras. Agric. J. 78:152-153.
Wadia, K. D. R. and Butler, D. R. 1994. Relationships between
temperature and latent periods of rust and leaf spot diseases of
groundnut. Plant Pathol. 43:121-129.
